Summary. Sciatic nerves removed post-mortem from diabetic patients and normal subjects were analysed by gas chromatography for glucose, fructose, sorbitol and myo-inositol. The concentrations of free and lipid inositol were significantly lower in nerves from the diabetic than from the control group.
mortem, diabetic neuropathy.
The peripheral neuropathy seen in diabetes mellitus is more likely to be due to metabolic changes in the Schwann cell or axon than to vascular damage [1] . It has been suggested that the increased concentration of sorbitol in diabetic nerve causes osmotic damage to Schwann cells [2] , though there is evidence to the contrary [1, 3] . In experimental diabetes there is a reduced concentration of free myo-inositol in sciatic nerve [4] [5] [6] [7] . This may be important in the development of neuropathy since inositol lipid metabolism is involved in nerve impulse conduction [8, 9] . The deficiency of free inositol has not been reported in nerves from diabetic patients, though the concentration of inositol was significantly reduced in cerebro-spinal fluid from diabetic patients with neuropathy [10] . The combined endoneurial phosphatidylinositol/phosphatidylserine fraction was also reduced in sural nerve biopsies from three men with non-insulin-dependent diabetes [11] . On the other hand, sural nerve biopsy samples from 20 diabetic patients showed no reduction in free inositol, though only a third had raised sorbitol and fructose [12] .
Since most of the evidence indicates that peripheral nerve inositol metabolism is altered in diabetes, we have measured the concentration of free and lipid inositol, sorbitol, fructose and glucose in human sciatic nerves obtained post-mortem from diabetic patients and normal subjects.
Materials and Methods
At post-mortem examination a 3-4 cm length of sciatic nerve was removed from the ischial tuberosity region within 24 h of death. The samples were stored at --20 ~ C if dissection could not be done immediately. A Nikon SMZ dissecting microscopc (Projectina, Skelmorlie, Ayrshire, Scotland) was used, separate fascicles being pulled out of the gross sample at 4 ~ C. Epineurium and perineurium were then removed. If removal was incomplete, stringy material was seen which would not homogenize in perchloric acid. Such samples were rejected. The tissue was dried on filter paper and weighed. Samples were allocated to diabetic or control groups by reference to the medical history notes. Causes of death were not significantly different in the two groups. They were as follows: diabetic group: 12 men and 11 women, aged 46-88 years, (respiratory disease: 12, cardiac disease: eight, cerebro-vascular disease: one, carcinoma: two); control group, ten men and five women, aged 34-94 years, (respiratory disease: eight, cardiac disease: six, carcinoma: one). Diabetes mellitus was mostly of the non-insulin-dependent type. Further details about the patients are given in Table 1 .
The nerves (wet weight 80-90 mg) were homogenized in 1 ml of 0.33 mol/1 perchloric acid and centrifuged. The precipitates were Results expressed as mean + SD with number of samples in parentheses. NS = not significant homogenized again in the same way, centrifuged once more and the residue finally washed with 1 ml of 0.33 mol/1 perchloric acid. The sugars and polyols in the combined supernatants were converted to trimethylsilyl ethers for estimation by gas chromatography as described previously [6] . Instead of Supelcoport, Chromosorb WHP 80/100 (Pierce Chemicals, Rockford, Illinois, USA) was used for the column. Glucose, fructose, sorbitol and myo-inositol were determined in this way. Lipids were extracted and hydrolysed in 6 tool/1 HC1 for the estimation of lipid inositol by the same gas chromatography [6] . Protein was measured by the biuret method of Weichselbaum [13] .
Student's t-test was used to determine the statistical significance of differences between groups. Table 2 shows the sugar and polyol concentrations in sciatic nerve samples from the diabetic and control groups. Both free and lipid inositol concentrations were reduced by approximately 40% in the nerves of diabetic patients, while the protein contents were not significantly different. The reduction therefore cannot be accounted for by increased hydration of the diabetic samples. Seven of the diabetic patients included in the group of 23 had nerve inositol concentrations between 2.1 and 4.6 ~tmol/g tissue, while the others ranged between 0.3 and 1.8 lxmol/g. These seven patients were taking chlorpromazine or nitrazepam but we cannot be sure that these drugs affect inositol concentrations since many other drugs were being used in both groups and some of the control group were also taking these particular tranquilizers.
Results
Concentrations of glucose, sorbitol and fructose were all greatly increased in the nerves of diabetic patients.
Inositol and glucose concentrations were not significantly different when nerves from patients treated with insulin and those receiving hypoglycaemic drugs were compared (Table 1) .
Discussion
The results confirm earlier studies of peripheral nerve in experimental [2, 4, 6] and human [12, 14] diabetes which showed increased concentrations of fructose and sorbitol. In contrast, there was a reduction in the free myoinositol concentration of nerves from diabetic patients. This has been observed in diabetic rats [4] [5] [6] [7] , though the changes now reported are more marked than those measured by the same methods in streptozotocin-treated animals [6] . In the only human study we are aware of [12] , sural nerve biopsy gave a free inositol concentration very similar to our own for the control group, but diabetic patients were not significantly different. If anything, myo-inositol values were more often raised in nerves from the patients. The discrepancy is likely to be caused by differences in control of the diabetes. As our patients neared death, control will almost certainly have failed, as indicated by the higher fructose and sorbitol concentrations ( Table 2 ) than those found in the biopsy samples. Dyck et al. [12] quote inositol concentrations more than double the normal for nerves from diabetic patients. Such high values suggest an error in their analytical methods.
Our lipid inositol values were significantly lower in the nerves from the diabetic patients and this supports the findings of Brown et al. [11] in sural nerve biopsy samples from three patients, though phosphatidylinositol and phosphatidylserine were analysed together.
